Background/Objectives: Alcohol and dietary fat have high energy densities and may therefore be related to body weight and fat deposition. We studied associations between alcohol and macronutrient intake patterns and general and central adiposity. Subjects/Methods: A population-based cross-sectional study of 524 men and 611 women. The participants answered a dietary questionnaire describing habitual food consumption including intake of alcoholic beverages. Macronutrient intake was analysed in relation to anthropometric measures and dual energy X-ray absorptiometry determined body fat. Results: In women, total alcohol intake was negatively associated with body fat percentage (b:À0.67, Po0.01). In men, total alcohol intake was positively associated with sagittal abdominal diameter (SAD) (b: 0.28, P ¼ 0.01). In addition, positive associations were found between intake of alcohol from spirits and body fat percentage Conclusions: Alcohol intake was inversely associated to relative body fat in women whereas spirits consumption was positively related to central and general obesity in men. Macronutrient intakes, particularly protein and fat, were differently associated with obesity indicators in men versus women. This may reflect a differential effect by gender, or differential obesity related reporting errors in men and women.
Introduction
It is well known that body mass index (BMI) and specifically distribution of body fat are both important in relation to metabolic health. Furthermore, increased waist circumference as a result of intra-abdominal (visceral) adiposity is strongly associated to the metabolic syndrome and its co-morbidities (Kissebah and Krakower, 1994; Wajchenberg, 2000; Groop and Orho-Melander, 2001; Hayashi et al., 2004; Pischon et al., 2008) . Sagittal abdominal diameter (SAD) has been suggested to be an even better measure of visceral adiposity than waist circumference (Kvist et al., 1988) and BMI in order to predict cardio-metabolic risk, through the association between SAD and insulin resistance (Riserus et al., 2004; Guzzaloni et al., 2009) .
Macronutrient intake and adiposity
Body weight and partly also body composition, are determined by the energy balance. The energy contributing components in diets are fat (38 kJ/g), carbohydrates and protein (each 17 kJ/g) and alcohol (ethanol) (29 kJ/g). Thus, alcohol is the second most energy-dense substance in food and beverages after fat. According to the Nordic Nutrition Recommendations fat should contribute to 25-35% of the total energy intake, with a population goal of 30 energy percent (E%). Carbohydrates should provide 50-60 E% and protein 10-20 E% (Becker et al., 2004) . Since it is a toxic substance the recommended consumption of alcohol should be limited to not more than five E% (Nordic Council of Ministers, 2004) . The Nordic recommendations are comparable with other international dietary guidelines regarding macronutrient distribution in the diet (US Department of Agriculture and US Department of Health and Human Services, 2010) .
Alcohol intake and centralized fat distribution Studies of alcohol intake as a determinant of obesity as well as centralized obesity have shown mixed results. Some cross-sectional studies have identified positive correlations between alcohol consumption and waist circumference (Dallongeville et al., 1998; Tolstrup et al., 2005) whereas other cross-sectional studies have found negative associations between alcohol intake and waist circumference (Djousse et al., 2004; Freiberg et al., 2004) . In one of these studies, a gender difference between alcohol consumption and general and central obesity was found (Tolstrup et al., 2005) . In this study, the positive association between alcohol intake, BMI and waist circumference were found among women with the highest alcohol intake, whereas in men the association was more linear.
In a review article, it was concluded that alcohol derived energy influences body weight, but the interindividual differences are large, which makes it difficult to draw firm conclusions about the association between alcohol intake and body weight (Suter, 2005) . Regular alcohol consumption may also interact with other aspects of body weight regulation, such as prolonged meal duration (de Castro and Orozco, 1990) and influence on food choice (Forsander, 1994) . In addition, alcohol suppresses lipid oxidation (Suter et al., 1992) , and non-oxidized fat is preferentially deposited in the abdominal area (Suter, 2005) . This could at least in part, explain some of the conflicting results from different studies.
Type of alcoholic beverages and centralized fat distribution
Earlier studies on different types of alcohol containing beverages on abdominal obesity have also shown conflicting results. Some studies have found association between beer consumption and central obesity (Vadstrup et al., 2003; Krachler et al., 2006) whereas other prospective studies have not found this association (Schutze et al., 2009) or inconsistent results (Bobak et al., 2003) . Sakurai et al., found that spirits consumption was associated with increased waist girth but not with BMI (Sakurai et al., 1997) . Various types of alcohol containing beverages may exert different effects on body weight, body composition and fat distribution and this may partially explain the conflicting results seen in the literature.
Objective
The main objective was to evaluate alcohol and macronutrient intake patterns as risk factors for general and central adiposity in an adult population. Additional objectives were to study gender differences on these associations as well as the influence of type of alcohol beverages on total and central adiposity.
Subjects and methods

Study population
The Swedish Obese Subjects (SOS)-reference study is a crosssectional study in a Swedish population of adult men and women (Larsson et al., 2004) . The subjects were selected to form a non-intervention reference group to the SOS bariatric surgery intervention study (Sjostrom et al., 1992) . The SOSreference study was carried out in 1994-1999 and individuals aged 36-61 years and living in the cities of Mölndal and Ö rebro, Sweden were selected from the population registry using a computerised systematic procedure. In total, 2037 subjects were selected from the registry and the final participation rate was 53.7% for men and 57.6% for women (Larsson et al., 2004) . In total, 524 men and 611 women were examined ( Table 1) . The average age of all participants was (mean ± s.d., (range)) 49.5 ± 7.0 (36-61) years.
Anthropometry
The anthropometric measurements in the SOS-reference study were performed with the subjects dressed in underwear, after an overnight fast (Larsson et al., 2004) . Body height was measured to the nearest 0.01 m with the subject standing back to a wall-mounted stadiometer in bare feet. Weight was measured to the nearest 0.1 kg with calibrated scales. BMI was calculated as weight in kg divided by height in meters squared (kg/m 2 ). Waist circumference in cm was measured in the recumbent position at the level midway between the most caudal part of the lateral costal arch and the iliac crest at the end of a normal expiration.
SAD in cm was measured using a carpenter's level and a ruler. The subjects were examined in the recumbent position on an examination table with a firm surface. The SAD was the vertical distance from the examination table to the horizontal level as measured with a ruler.
Dual energy X-ray absorptiometry (DXA) The DXA-scanner used was a LUNAR DPX-L (system number 7156; Scanexport Medical, Helsingborg, Sweden) with software version 1.31. and with the extended analysis programme for total body analysis (LUNAR Radiation, Madison, WI, USA). The DXA body composition technique provides information on total and regional bone content as well as on soft tissue composition that is, body fat and lean body mass. A more detailed description is given elsewhere (Larsson et al., 2004) .
Habitual food intake
The participants completed a semi-quantitative dietary questionnaire on habitual food and beverage intake, including intake of alcoholic beverages during the last 3 months (Lindroos et al., 1993; Lissner et al., 1998) . The participants specified intake frequency from standardized portions of different foods and photographs of portion sizes of cooked meals. The alcohol containing beverages were presented as following: beer as glasses (2 dl) or bottles/cans per week or month, wine as glasses or centilitres per week or months and spirits as centilitres per week or month. The questionnaire used in the SOS-reference study includes 51 questions and has been developed within the SOS study and validated against a 4-days food registration (Lindroos et al., 1993; Lissner et al., 1998) .
In total, 43 subjects did not complete the food questionnaire and were excluded from the present analyses.
Lifestyle and socioeconomic factors Information on lifestyle and socioeconomic variables was obtained in another self-administered questionnaire in separate versions for men and women and included questions regarding education, physical activity at work and leisure time. The full range of demographic and other variables collected have been described previously (Sjostrom et al., 1992) .
Statistical analyses
Comparisons of men and women were performed by student t-test and w 2 -test. In order to investigate the associations between macronutrients and alcohol consumption and the different overweight markers, gender-stratified, age-adjusted multivariate regression analyses were used.
When evaluating the effects of different energy-contributing macronutrients on body composition and fat distribution, energy was included in the first age-adjusted model. In the other models, all other energy contributing macronutrients and alcohol were included. The reason for these adjustments was to investigate the potential effects of macronutrients or alcohol beyond that of simply providing energy. In the final full model, education level was also included as an adjustment for socioeconomic status. Likewise, the initial analyses of the effects of different types of beverage on body composition and fat distribution were adjusted for age and total energy intake. Also here, the second model included the other types of alcohol beverages and the final full model also included education level. As the distributions of alcohol intake were skewed, these variables were categorized. Total alcohol intake was categorized into quartiles whereas the intakes of alcohol from beer, wine and spirits were dichotomized into high and low intake. All anthropomteric and body composition measures were normally distributed. For all statistical analysis, SPSS version 16.0 (SPSS Inc., Chicago, IL, USA) was used.
Ethics
The SOS-reference study was approved by the ethics committee of the University of Gothenburg. Informed consent was obtained from all subjects before the examinations. 3.4 (5.7) 0.9 (2.6) o0.001
Abbreviations: BMI, body mass index; E%, percent of energy intake.
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Results
Basic characteristics of the men and women included in the study are shown in Table 1 . The median alcohol intake was 11.6 g in men (Q1: 6.6 g, Q3: 19.9 g) and 5.9 g in women (Q1: 2.3, Q3: 10.7). The average (s.d.) alcohol intake was 14.8 (12.7) g in men and 7.6 (8.3) g in women (Po0.001), representing 3.9 (3.3) E% (men) and 2.6 (2.6) E% (women) (Po0.001) ( Table 1) . In all 25 men (5%) and 48 women (8%) reported no alcohol consumption.
Sources of energy versus BMI and measures of total body fat and fat distribution
Alcohol: In multivariate regression analyses, alcohol intake was positively associated with SAD in men (b ¼ 0.28, P ¼ 0.01) ( Table 2 ). In women, a negative association was found between alcohol intake and body fat percentage (b ¼ 0.67, Po0.01) ( Table 3) .
Protein: In men, positive associations between protein intake and BMI (b ¼ 0.03, Po0.001), body fat percentage (b ¼ 0.04, Po0.05), SAD (b ¼ 0.02, Po0.01) as well as waist circumference (b ¼ 0.09, Po0.01) were found ( Table 4) . No statistically significant associations between protein intake and obesity measures were found among women (Table 5) .
Fat: In men, negative associations were found between fat intake and BMI (b ¼ 0.03, Po0.01), SAD (b ¼ 0.02, Po0.05) and waist circumference (b ¼ 0.05, Po0.05) ( Table 4) . No statistically significant associations between fat intake and obesity measures were found among women (Table 5) .
Carbohydrates and dietary fibre: No associations were found between intake of carbohydrates or dietary fibre and general or central obesity neither in men nor in women (Tables 4 and 5) .
Energy: No associations were found between self-reported energy intake and general or central obesity in this crosssectional sample.
Types of alcohol containing beverages in relation to BMI and measures of total body fat and fat distribution Alcohol intake from beer. The analyses of associations between beer consumption and body fat percentage and anthropometric measurements, adjusted for age, energy intake, and alcohol intake from wine and spirits and education level, showed that beer consumption was not significantly associated with either general or central obesity measures (Tables 2 and 3 ).
Alcohol intake from wine. Consumption of wine was negatively associated with body fat percentage among women (b ¼ 1.41, Po0.05) (Table 3) in the model adjusted for age, energy intake, beer and spirits consumption and education. The trend was similar in men although not significant Table 2 Associations between total alcohol and alcohol from different beverages and body composition based on multivariate regression analyses -men
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Alcohol intake from spirits. In men, intake of spirits was associated with increased waist circumference (b ¼ 2.29, P ¼ 0.01), SAD (b ¼ 0.52, Po0.05) and body fat percentage (b ¼ 1.17, Po0.05) ( Table 2) . No significant associations were found between spirits consumption and obesity markers in women (Table 3) .
Discussion
The aim of this study was to study alcohol and macronutrient composition as risk factors for general as well as central obesity in a population of middle-aged men and women and to determine the impact of type of alcohol containing beverages on these associations. Our results indicated that consumption of spirits was positively associated with measures of centralized obesity in men but not in women.
Beer consumption was not significantly associated with either general or centralized obesity in either gender, whereas wine consumption was negatively associated with general fatness, body fat percentage in women and with BMI in men. In men but not in women, dietary protein was positively associated with both general and centralized obesity, whereas dietary fat was negatively associated with BMI and central adiposity. Carbohydrates and dietary fibre intake were not related to any adiposity measures, in either gender in this cross-sectional study sample.
Macronutrient intake and fat deposition
The deposition of abdominal fat has found to be related to several factors including signalling from the endocrine system, indicating the complexity in the relation between macronutrient intake and centralized fat accumulation (Bjorntorp, 1996; Rosmond et al., 1998) . The effect of protein intake on body weight has previously been studied. In isocaloric conditions, a higher protein intake has been found to improve regulation of body weight and reduce body fat regain after weight loss (Weigle et al., 2005; Paddon-Jones et al., 2008) . The mechanism behind this association probably involves an increased satiety after protein intake and also that dietary protein may favour retention of fat free mass at the expense of body fat (Weigle et al., 2005; Paddon-Jones et al., 2008) . The present cross-sectional study did not support such a relationship. Instead, protein intake was associated with higher BMI, body fat percentage and larger SAD as well as larger waist circumference at least among men. Supportive to the present study, age and gender adjusted analyses in a population-based cross-sectional study found Alcohol and macronutrient intake are related to adiposity M Brandhagen et al that E% protein was positively associated with DXA-derived body fat percentage (Vinknes et al., 2011) . However, this study used pooled data for men and women, thus, possible gender differences could not be determined. In men only, dietary fat was associated with lower BMI, SAD and waist circumference. Also, no association was found between energy intake and obesity measures. One explanation of the lack of association between energy intake and obesity measures may be that if the overweight or obese group of this cross-sectional sample tried to loose weight, they might have reported a lower energy intake. In fact, when self-reported body weights two years back in time were compared with measured body weight, the overweight and obese men and women were found to be 0.8 and 1.2 kg heavier at the physical examination than earlier. In a pervious publication based on the Swedish Obese Subject study, we found that the morbidly obese men and women reported on average 1 and 1.6 kg higher weight 6 months before the physical examination in this cross-sectional study (Lissner et al., 1994) . Thus, it might be that a part of the sample in the present study was not weight stable and reported a dietary intake according to their emphasis to loose or control weight. In a cross-sectional study by Vinknes et al., fat intake was positively associated with body fat percentage in the weight stable group. In a separate analysis of participants with high body fat percentage, fat intake was instead negatively associated with risk of adiposity (Vinknes et al., 2011) . Similar to our results in the present study, Winknes et al. found no association between carbohydrate or dietary fibre intake and body composition.
As this study used cross-sectional data, it cannot be determined whether the associations between fat, energy or protein intake and obesity markers were because of the intake per se.
In the present study, the results on different macronutrients were adjusted for total energy intake or all other energy contributing nutrients. Therefore, these results could be interpreted as supportive to the fact that total energy intake is more important rather than a single nutrient, in the regulation of body weight and body fat deposition.
Similar to our results in the present study, Winknes et al. found no association between carbohydrate or dietary fibre intake and body composition (Vinknes et al., 2011) .
Alcohol intake and abdominal fat deposition
Several studies have identified alcohol intake as a risk factor for abdominal fat deposition and weight gain (Gonzalez et al., 2000; Suter, 2005; Bergmann et al., 2011) . Bergmann et al. found that lifetime alcohol consumption of beer, wine and sprits were associated with general obesity in men and abdominal obesity in both men and women (Bergmann et al., 2011) . Contrary to our cross-sectional study, they analysed reported alcohol intake over a longer time span in a much larger sample that may be one reason for the somewhat different results.
The mechanism for the association between alcohol intake and abdominal fat deposition is not completely understood, but effects of alcohol on the endocrine system may be important. Earlier studies have shown that regular alcohol intake stimulates the hypothalamic-pituitary-adrenalin axis (Stokes, 1973) . Alcohol and ethanal (acetaldehyde) also directly stimulate the release of glucocorticoids from the adrenals and an increased secretion of cortisol has been associated with an altered fat distribution with a pronounced intra-abdominal fat deposition (Bjorntorp, 1997) .
In the present study, alcohol intake was associated with SAD but not with waist circumference in men. One reason for this inconsistent finding may be that waist circumference may be more difficult than SAD to measure, indicated by a wider standard error and thus the association between alcohol intake and waist circumference did not reach statistical significance. In women, body fat percentage but not BMI as measures of general fatness was significantly associated with alcohol intake. Body fat percentage is a more explicit measure of fatness than BMI, thus in women with a higher body fat percentage and a lower alcohol intake compared with men, the association became significant, although the association between alcohol intake and BMI did almost reach significance (P ¼ 0.06) in women.
In the present study, associations between amount and type of alcoholic beverage consumed and obesity are consistent to those shown by others (Bobak et al., 2003; Lukasiewicz et al., 2005) . These studies however, did not found gender differences that our study found. The observed differences between alcohol from beer, wine and spirits on body composition and fat distribution in the present study may be that differences in consumption of types of alcoholic beverages are indicators of other food patterns. A Danish cross-sectional study showed that 'wine buyers' also bought more fruits and vegetables, poultry, cooking oil, low fat cheese, milk and meat that is, more healthy food items than 'beer buyers' who opposed to 'wine buyers' bought more ready cooked dishes, sugar, cold cuts, potatoes chips, pork, sausages, butter and soft drinks (Johansen et al., 2006) . However in the study by Johansen et al., it could not be determined whether those who bought the foods actually consumed the alcoholic beverages and the foods.
Gender differences
A positive association between the alcohol consumption and SAD was found in men only. In women, a weak but nonsignificant negative trend was found. Men reported higher spirits consumption than women (3.4 g/day vs 0.9 g/day) and as spirits intake was associated with increased waist circumference and SAD in men only, the lower alcohol intake among women may be one reason for the found gender differences. Another reason might be if men and women have different diet patterns in combination with the alcohol containing beverages, that may be one possible interpretation of the results in the study by Johansen et al. (2006) .
In men but not in women, protein intake was positively associated with both general and centralized obesity measures. This may be explained by the higher total intake of protein and a larger variation in protein intake within the male group compared with the females. If protein intake influence total energy intake, this is another aspect why the general population, at least men should pay attention to the portion size.
Strengths and limitations
The strengths in this study are the methods used to determine both dietary intake and body composition (Lindroos et al., 1993; Lissner et al., 1998) . The food questionnaire, validated in a pilot study against measured basal metabolic rate adjusted for reported physical activity, has also been validated against a traditional 4-days food record and was found to give information in agreement with energy intake in as well obese as normal weight subjects. (Lindroos et al., 1993; Lissner et al., 1998) . The questions regarding intake of alcohol containing beverages was included in the same section of the questionnaire as all other beverages, which could be a reason for the fairly high reported alcohol intake. Although the absolute validity of the alcohol questions is unknown, the relative validity seems good as indicated by high correlation between alcohol intake and liver enzymes (ASAT, ALP) (Torgerson et al., 1997) .
In addition to validated dietary intake variables, we have measured height and weight as well as body composition measurements with high precision. DXA-derived body composition is considered to give accurate data on both soft tissue and bone mineral content. The DXA made it possible to study body fat, a more informative marker of total body obesity than BMI. We also have two measures of central obesity, waist circumference and SAD. Specifically abdominal adiposity expressed, as waist circumference is a highly relevant component in the metabolic syndrome and is a strong predictor of death (Pischon et al., 2008) . The waist circumference is also a cheap and relatively simple measure to perform in the primary care and the risk-associated cutoff limits are well established (WHO, 2000) .
There were several important limitations of these findings. From this population based, cross-sectional study design it is not possible to draw any conclusions about causal associations between alcohol intake and the development of either general or central obesity. The participation rate was B54% in men and 58% in women. Analysis of a non-participation questionnaire showed that participants and non-participants were similar in most respects (Larsson et al., 2004) , although we obtained no information on whether they were representative with relation to anthropometry. In non-participants, the prevalence of smoking was higher and they had more often manual work compared with the participants of the present study. The participants were between 37-61 years old, a broader age range compared with other studies (Wannamethee et al., 2005; Tolstrup et al., 2008) . Although our results are all adjusted for age, it may be difficult to generalise the results from this study to groups of only younger or older subjects.
Conclusion
In men, alcohol intake was found to be positively associated with abdominal fat accumulation, whereas in women alcohol intake was found to be negatively associated with general fatness. Perhaps more importantly, in men strong positive associations were found between consumption of spirits and both central and general obesity. In both genders, wine consumption was negatively associated with general obesity.
The analyses of energy contributing macronutrients showed that protein intake was positively associated with both general and central obesity measures in men, whereas fat intake was negatively associated with BMI, SAD and waist circumference in men. No statistically significant associations were found between macronutrient intake and obesity measures in women. These results may reflect a differential effect by gender, or differential obesity related reporting errors in men and women, or that total energy intake is more important than a single energy containing nutrient in the regulation of body weight and body fat distribution, or other residual confounding.
